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3 MATERIALS AND METHODS 
 
3.1 Overview 
This study presents a fermentation process in producing FA by using co-culture. The 
raw material for the process was banana stem waste. This section presents the 
experimental setup in completing the laboratory works. It includes in performing 
growth profile of the microbe, fermentation process and analysis of FA by using HPLC. 
Lastly, kinetic study for FA production was carried out. In this microbial process, 
bacteria were isolated from soil and BSW as a substrate. Preliminary studies were 
conducted in determining the bacteria that was chosen to further with the research of FA 
production from co-culture. Selection of co-culture was based on the performance of the 
pure culture in the release of FA from BSW.   
3.2 Introduction 
In this chapter, the usage of chemicals and raw materials were stated specifically. In 
addition, the experimental setup for the research study was explained further below. 
Figure 3.1.1 below shows the flow of procedure in the ferulic acid production by using 
co-culture. There were several steps done in this study. Firstly, substrate was prepared 
by using banana stem waste. Banana stem waste was collected at Jalan Gambang, 
Pahang. Then, it was cut into small pieces with measurement 1cm by 1cm and blended. 
The remaining pieces were stored in 4
o
C refrigerator. Then, inoculum preparation and 
fermentation process for pure culture started. After that, analysis was done in order to 
get the best pure culture producers. After the determination, growth profile for each 
pure culture and co-culture were performed. Then, fermentation process by using co-
culture started. After that, it was analysed in order to determine the best co-culture 
producer. Then, experimental setups for the kinetic study were prepared. The samples 
were collected for every 3 hours and further calculation was done by using Runge 
Kutta- Fourth method.  
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Figure 3.1: Flow-chart of the process involve in production of ferulic acid from 
agricultural waste 
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3.3 Chemicals and raw materials 
3.3.1 Chemical 
There were two types of chemicals used in this study. They were acetonitrile and pure 
ferulic acid solution. In analysing the production of FA by using HPLC, mobile phase 
used was acetonitrile with the ratio concentration of 55% ACN: 45% H2O (Hasyierah et 
al., 2011). In addition, pure FA was used as the standard to perform a standard curve of 
FA. The standard curve was used to calculate the production yield of FA (Yu et.al., 
2005). Moreover, distilled water was used in order to get the dry weight cell 
measurement. Dry weight cell measurement was used to measure the biomass 
concentration (Widdel, 2010). Nevertheless, raw material used in this study was banana 
stem waste (BSW) and co-culture.  
3.3.2 Co-culture 
Co-culture was prepared by mixing six best pure cultures which had been selected from 
21 types of pure cultures. Preliminary studies were conducted by using 21 types of pure 
cultures in determining the bacteria that were chosen the best in this study. Selections of 
six best pure cultures were based on their performance in releasing ferulic acid from 
banana stem waste. Only bacteria that indicate the best ferulic acid content were 
prepared as inoculum for co-culture (Nelson et. al., 1999). They were bacteria Bacillus 
thuringiensis NRBC 101325, Bacillus cereus JCM 2152, Bacillus cereus ATCC 14579, 
Bacillus pumilus SAFR-032, Lysinibacillus sphaericus and Brevibacillus formosus. 
 
 
 
 
 
 
 
